The objective was to study whether a yoghurt containing isolated soya protein with standardised levels of isoflavones, cotyledon soya fibres and soya phospholipids is more effective in lowering total and LDL-cholesterol than a placebo. One hundred and forty-three subjects were randomised to the soya group (n 69) or to the placebo (n 74). The mean baseline levels were 7·6 and 5·1 mmol/l for total and LDL-cholesterol, respectively. Fasting serum lipoproteins were assessed five times during the 8-week intervention period, and 4 weeks thereafter. The results were analysed by a mixed model for unbalanced repeated measurements. During the intervention, there were highly significant differences in lipid-lowering effect in favour of the active soya intervention group compared with the control group. The significant differences were for total cholesterol (estimated mean difference 0·40 mmol/l; P, 0·001), LDL-cholesterol (0·39 mmol/l; P,0·001), non-HDLcholesterol (0·40 mmol/l; P, 0·001) and for the total:HDL-cholesterol ratio (0·23; P¼ 0·005). There was no difference in the effects on HDL-cholesterol, triacylglycerols or homocysteine. The lipid-lowering effect occurred within 1 -2 weeks of intervention, and was not due to weight loss. The safety profile for active soya was similar to the placebo group, except for gastrointestinal symptoms, which caused a significantly higher dropout rate (fourteen v. three subjects) among the subjects taking active soya.
It is well established through epidemiological research that hypercholesterolaemia is among the major causes for CHD and that changes in diet may influence this and other risk factors for such disease (Pietinen et al. 1996; Grundy, 2000; Stamler et al. 2000; Vartiainen et al. 1994) . Several large, prospective intervention studies using statins have further demonstrated that reducing the cholesterol level also reduces the risk of cardiovascular morbidity and mortality (The Scandinavian Simvastatin Survival Study Group, 1994; Shepherd et al. 1995 ; The Long Term Intervention with Pravastatin in Ischemic Disease (LIPID) Study Group, 1998; Heart Protection Study Collaborative Group, 2002) .
A public health approach to primary prevention of CHD is to call for lifestyle changes; for example, a reduced intake of cholesterol and saturated fat, exercising, weight control and smoking cessation (Anonymous, 2002) . There is still some debate whether or when drug intervention is indicated for primary prevention, partly because of cost considerations and partly because of concerns over the safety of lipid-lowering drugs. Reports from the UK indicate that patient and primary-care compliance with public recommendations are not followed entirely (Anonymous, 1998; Monkman, 2000; Primatesta & Poulter, 2000) . As with other patient groups, hypercholesterolaemic patients also may be incapable of modifying their lifestyle significantly, they may be unable to comply with statin treatment (Avorn et al. 1998 ), or they may simply not want intervention with drugs. Various dietary supplements and functional foods have thus recently been introduced as alternatives to pharmaceuticals. In our view, before being acknowledged in clinical practice, such products should have their efficacy and tolerability documented by welldesigned, prospective, randomised, double-blind and rigorously monitored clinical trials.
The lipid-lowering efficacy of soya protein is supported by the fact that the US Food and Drug Administration (1999) has approved a health claim for products giving a daily dose of soya protein of at least 25 g. A pertaining problem with clinical studies of soya proteins has been that the variability of products has been huge, as each soya-based product may have different soya components, either isolated or not. In particular, using alcohol extractions for isolating the soya protein will also remove isoflavones, components that due to their oestrogenic or anti-oestrogenic effects very well may affect serum lipid levels. A recent meta-analysis (Anderson et al. 1995) reviewed several controlled studies and concluded that the dietary substitution of soya protein for animal protein might decrease the risk of cardiovascular disease by decreasing serum cholesterol, LDL-cholesterol and triacylglycerol concentrations, and by slightly increasing serum HDL-cholesterol levels.
The active components of soya have not yet been fully elucidated. It has been suggested (Anderson, 2003) that soya protein, peptides and isoflavones may work together to produce effects on lipid metabolism and gene expression. Several potential mechanisms of action have been suggested including an influence on the endocrine system, on the intestinal absorption of bile acids and dietary cholesterol, or on the hepatic metabolism of cholesterol and/or lipoproteins (Potter, 1998 ) and a more specific endocrine influence of soya protein on the insulin:glucagon ratios (Anderson et al. 1999) . Soya peptides, most probably from the 7S a-fraction of the globulins (Lovati et al. 2000) , are supposed to activate hepatic LDL receptors, and they appear to increase the mRNA expression of LDL receptors in circulating human monocytes (Baum et al. 1998) .
Isoflavones have structures similar to mammalian oestrogens and they are capable of binding to oestrogen receptors. Depending on the hormonal status of the individual they seem to exhibit either oestrogenic or anti-oestrogenic effects. Therefore it has been postulated that premenopausally isoflavones may act anti-oestrogenic, whereas they could act post-menopausally as oestrogen receptor agonists. It is known that mammalian oestrogens can modulate the blood lipid profile, promoting decreases in LDL-cholesterol and increases in HDL-cholesterol. Oestradiol also shows potent cardioprotective effects on blood vessels (Potter, 1998) . Isoflavones alone will not decrease blood lipid levels as described, but they influence the ability of soya protein preparations to reduce serum lipid concentrations. Anderson et al. (1999) proposed several other mechanisms by which soya fibres could influence fasting and postprandial serum lipid protein concentrations. Due to the alteration of gastric emptying and intestinal transit time, dietary fibres could alter the kinetics of lipid absorption. Dietary fibre may decrease lipid absorption by modifying pancreatic secretion, the variation of intestinal motility, or by changing transport barriers such as the unstirred layer. Dietary fibre may affect the secretion rates of insulin or other pancreatic or intestinal hormones, which will change lipid and lipoprotein synthesis and secretion rates. Another suggested mechanism is that the soluble fibre of soya beans is fermented in the colon and generates SCFA such as acetate, butyrate or propionate, which inhibit hepatic lipid synthesis (Nishina & Freedland, 1990) .
Phospholipids from soya beans may protect against atherosclerosis development (Navder et al. 2000) . The most obvious action of unsaturated lecithin is the protection of LDL against oxidation and peroxidation. Oxidised LDL are involved in the development of atherosclerotic lesions. Peroxidation of LDL-lipids could damage apo B-100, the surface protein of LDL and VLDL. This may increase atherogenicity, because normal catabolism through the regulated LDL receptor pathway is blocked. This results in an enhanced cholesterol uptake via an unregulated scavenger pathway, which leads to the cholesterol overloading of macrophages and the development of foam cells, a key component of atherosclerotic plaques. One major mechanism of phospholipids or soyabean lecithin is the activation of reverse cholesterol transport. This includes the activation of lecithin-cholesterol-acetyltransferase, increased cholesterol uptake by HDL and leads to an increased biliary excretion of cholesterol (Rosseneu et al. 1979; Ishida et al. 1988; Hsia et al. 1996; Polichetti et al. 1996 Polichetti et al. , 2000 LeBlanc et al. 1998) .
Abacor w is a new product based on isolated soya protein and cotyledon soya fibres containing standardised levels of isoflavones as well as soya phospholipids. Initial studies in subjects with mild-to-moderate hypercholesterolaemia have demonstrated that this product is efficient in lowering cholesterol (Puska et al. 2002; Tonstad et al. 2002) . These early results were obtained by administering the soya product in a powder formulation to be mixed with water before intake. The aim of the present study was to demonstrate similar lipid-lowering effects with this active soya product when administered in a yoghurt formulation.
Methods

Subjects
Subjects were screened from the patient database of the Joensuu Health Centre area in North Karelia, Finland. Eligible subjects had to meet selection criteria including: written informed consent; total serum cholesterol concentration of 6·7 -9·9 mmol/l; serum triacylglycerols of , 4·5 mmol/l; age 18 -75 years for men and 45 -70 years for post-menopausal women (at least 6 months with no vaginal bleeding after menopause). Subjects were to have no significant signs of cardiovascular, renal, hepatic, endocrine or gastrointestinal disease; no familial hypercholesterolaemia; no type I or II diabetes mellitus treated with insulin; no past or concomitant use of statins, n-3-fatty acids or other lipid-lowering drugs (including any cholesterol-lowering functional foods) during the last 8 weeks before randomisation. They were to have had no hormone replacement therapy within the past 6 months; have no drug or alcohol dependency; no eating disorder; and no plans to lose weight during the study.
Study design and laboratory analyses
Subjects with hypercholesterolaemia were informed about the study and invited to participate. After having given their informed consent to participate in the study, the subjects were followed for 8 weeks in an open, run-in dietary phase. During this time all subjects were asked to consume a cholesterol-lowering diet in order to reduce the variability of their baseline lipid values as recommended by The Swedish Medical Product Agency and the Norwegian Medicines Control Agency (1996) . Their guidance is similar to the American Heart Association step I cholesterol-lowering diet (Anonymous, 2002) which recommends that the energy intake from fat should not exceed 30 % of the total energy. After a baseline medical assessment, subjects who met the selection criteria were randomised to one of the two study groups. They were advised to take one yoghurt serving twice daily for the next 8 weeks as part of their normal morning and evening meal. It was attempted to keep the energy intake as constant as possible by advising the subjects to reduce their morning and evening meal with approximately the same amount of energy as they received through the study products. All subjects were seen in the clinic at week 0, 2, 4, 6 and 8 for compliance control (deemed by counting returned and unused containers) and blood sampling for lipid measurements. The subjects then had a final follow-up assessment after another 4 weeks without administration of any study treatment.
Fasting blood samples were taken, after 5 min supine rest, during each visit for measurement of the efficacy lipid variables. Total cholesterol, HDL-cholesterol and triacylglycerols were analysed for every visit, whereas homocysteine was measured at baseline and at the end of therapy. Blood tests for safety haematology and biochemistry (alanine aminotransferase, aspartate aminotransferase, creatinine, glucose and uric acid) as well as a brief physical examination including the control of blood pressure and heart rate were taken only at baseline and at the end of treatment. All lipids were analysed at the Department of Biochemistry at the National Public Health Institute, Helsinki, Finland. The concentrations of LDL-cholesterol were calculated according to the Friedewald et al. (1972) method. As soya products contain high levels of the isoflavones genistein and daidzein (Adlercreutz, 1998) , plasma concentrations were measured by fluoroimmunoassay (Wang et al. 2000) after 8 weeks treatment as an objective measure of treatment compliance. Weight was measured at each visit, but there was no detailed diary recording in order to control energy intake. Tolerability was assessed by recording spontaneously reported adverse events, as well as by actively asking an open, non-leading question to the patient during every visit whether they had experienced any undesirable medical event since their last clinic visit.
Study product
The subjects were asked to take one cup per twice-a-day serving, both morning and afternoon, giving a daily dose of soya protein of 41·4 g for the Abacor w group. The active Abacor w yoghurt (the active soya treatment) was manufactured by Protein Technology International Inc., St Louis, MO, USA (soya protein and fibres) and Lucas Meyer, Hamburg, Germany (soya lecithin), whereas the placebo yoghurt was the commercially available product 'Lett Yoghurt Naturell', manufactured by Tine Sør, Kristiansand, Norway. The products were matched to each other in terms of taste, appearance, smell and flavour by adding cherry jam. The finished products were manufactured and quality controlled by the Agricultural University of Norway, Å s, Norway. The study products were presented in identical, unmarked (except for subject number) containers. A detailed comparison of the contents of each study treatment is presented in Table 1 .
Statistical analysis
This was a randomised, placebo-controlled, double-blind, parallel-group, single-centre study. It was estimated that with approximately seventy patients in each group, the power to detect a 10 % difference in LDL-cholesterol between the two study groups would be at least 90 % with a 5 % significance level (two-sided). Neither the investigators nor the patients knew the computer-generated randomisation code, block size or the results of the blood lipid concentrations until after the statistical analysis. Statistical analyses were conducted before breaking the randomisation code.
The primary analysis was undertaken on a modified intention-to-treat population, defined as those subjects who received the study treatment for at least 2 weeks. Changes in serum lipids over time were analysed by a mixed model for unbalanced repeated measurements employing the SAS w 6.12 software (SAS Institute, Cary, NC, USA). Parameters were estimated by the method of restricted maximum likelihood, and an unstructured covariance matrix was applied. The model included time and treatment group as the main effects and in addition the interaction between treatment and time. When no statistically significant interaction was found, the interaction term was excluded from the model. The last measurement before the start of treatment was included as a covariate in the model. Total cholesterol, HDL-cholesterol, non-HDL-cholesterol, LDL-cholesterol, LDL:HDL ratio, total:HDL-cholesterol ratio and triacylglycerols were analysed separately. Analysis of covariance was used to estimate the effect of treatment on homocysteine. The active soya treatment and placebo were compared for a total of eight efficacy variables.
In order to assess the robustness of the results, we conducted secondary analyses. In the intention-to-treat population, missing values were substituted according to the last-observation-carried-forward method. In addition, the per-protocol population consisting of study completers only (i.e. fifty-three subjects in the active soya group and seventy in the placebo group) was analysed. Both secondary analyses demonstrated that the data obtained in our primary analysis were robust and consistent. 
Ethics and administration
The study protocol and informed consent form were approved by the ethics committee of the Joensuu Health Centre, Joensuu, Finland. An independent contract research organisation (Smerud Medical Research International AS, Oslo, Norway) was responsible for monitoring the study according to the International Conference on Harmonization guidelines on good clinical practice principles (European Agency for the Evaluation of Medicinal Products, 1996) and for overall quality assurance.
Results
A total of 146 subjects were admitted for the screening of selection criteria, and were subsequently randomised to receive the study products. Three subjects withdrew their consent either before or immediately after taking the first dose. Hence 143 subjects, sixty-nine in the active soya group and seventy-four in the placebo group, have been included in the analysis of efficacy. Fig. 1 shows the flow of participants through each stage of the study. The two groups were well matched at baseline (Table 2) for sex, age, body weight, BMI, blood pressure, heart rate as well as for cigarette smoking and alcohol use. A significant proportion of patients dropped out from the study during the intervention period, as they did not tolerate the product. The difference between the study groups was statistically significant (P¼ 0·03) as fourteen subjects (20·3 %) from the active soya group, and three (4·1 %) from the placebo group dropped out, respectively. The reason for withdrawal was either 'refusal to take more study product' or 'adverse events'. The subjects complained about nausea, vomiting, stomach pain and a feeling of stomach swelling, but these symptoms were usually mild and transient. Furthermore, three of the subjects in the active soya group who refused to continue taking the study product did so after a contamination (mould growth) was found in their yoghurt cups. There were no significant changes in any of the haematological or biochemical laboratory variables. Table 3 shows the mean screening and baseline concentrations for the lipid efficacy variables. Our statistical model incorporated the results from all biweekly visits, and the mean changes from baseline as well as the estimated difference in reductions, are also presented. The difference between the active soya treatment and the placebo was statistically significant for total cholesterol-, LDL-cholesterol-, and non-HDL-cholesterol-lowering and for the total:HDL-cholesterol and LDL:HDL-cholesterol ratios, whereas no differences for HDL-cholesterol changes, or for triacylglycerols or homocysteine were found. The serum concentrations over time for total cholesterol and LDL-cholesterol are presented in Fig. 2 . The reduction occurred rapidly, within 1 -2 weeks, and continued up to 8 weeks. Upon withdrawal after 8 weeks of the study products, serum concentrations for both groups returned to their baseline values.
Lipid variables
Isoflavone levels
After therapy, the genistein levels were 762·1 (SD 1001·9) nmol/l in the active soya group and 7·8 (SD 11·7) nmol/l in the placebo group. For daidzein, the aftertherapy levels were 127·0 (SD 120·5) and 2·6 (SD 5·1) nmol/l, for the active soya and placebo groups, respectively. These results confirmed that genistein and daidzein were indeed good means to distinguish those patients being reasonably compliant with taking study products and those who were not.
Haemodynamics
There were no significant changes in blood pressure or heart rate (data not shown) for either group during the study. The active soya group had systolic blood pressure of 130·0 (SD 15·8) mmHg at screening, 129·6 (SD 15·8) mmHg after the 8-week intervention, and 129·9 (SD 14·2) mmHg at 4 weeks after the study. However the results in the placebo group were 132·4 (SD 17·1) mmHg at screening, 131·3 (SD 15·7) mmHg after 8 weeks intervention, and 132·1 (SD 19·1) mmHg at 4 weeks after the intervention. For diastolic blood pressure, the findings were 80·5 (SD 8·7) mmHg at screening, 80·6 (SD 8·2) mmHg after Fig. 1 . Study flow-chart and number of subjects at each study stage.
the 8-week intervention, and 80·1 (SD 8·6) mmHg at 4 weeks after the study for the active soya group. The corresponding results in the placebo group were 81·1 (SD 9·4) mmHg at screening, 81·3 (SD 9·7) mmHg after the 8-week intervention, and 80·1 (SD 9·9) mmHg at 4 weeks after the intervention.
Body weight
Body weight was measured in every single clinic visit for all patients. The groups were comparable at baseline, and there were no significant changes in mean weight throughout the duration of the study. Females in the active soya group had a slight mean change from 72·7 (SD 15·3) to 73·7 (SD 15·8) kg compared with a similarly negligent change from 68·7 (SD 12·8) to 69·6 (SD 12·9) kg in the placebo group. For males, the mean change was in the opposite direction, from 82·2 (SD 9·0) to 79·9 (SD 17·8) kg in the active soya group and from 84·5 (SD 10·8) to 82·6 (SD 18·9) kg in the placebo group.
Discussion
The present 8-week diet intervention trial in subjects with hypercholesterolaemia demonstrated that a product based on isolated soya protein with standardised levels of isoflavones, cotyledon soya fibres and soya phospholipids had modest, but clinically significant, lipid-lowering effects compared with a placebo. The findings confirm that in a population with mild-to-moderately elevated plasma lipids, effects on cholesterol lowering can be obtained with a functional food. Law et al. (1994) have shown that for mild-to-moderate hypercholesterolaemic subjects, a 10 % reduction in total cholesterol lowers the risk of cardiovascular events by up to 50 % for a 40-year-old individual, and gradually less for older subjects. However, extrapolating risk reduction based on cholesterol alone is probably much too crude. With regard to the risk of CHD, it is not known whether otherwise healthy subjects would benefit from taking soya fibre for several years; neither has long-term safety been studied carefully.
Despite the test product being a dietary supplement by classification, we designed and conducted the study according to the guidelines for developing medicinal products. We employed both general principles (International Conference on Harmonization topics E6, E8, E9, and E10; European Agency for the Evaluation of Medicinal Products, 1996 Products, , 1997 Products, , 1998 Products, , 2000 and specific ones for the treatment of dyslipoproteinaemia (European Agency for the Evaluation of Medicinal Products, 2001). It is well known, and comprehensively reviewed by Sandström (1995) , that dietary supplement studies include a number of confounding factors, since such intake most often includes other dietary components as well. Seasonal or dietary adaptation, as well as inaccuracy of self-reporting of dietary data, further complicate the analysis. Strict dietary food control could have controlled changes of individual food intake. The study intended to diminish any effect on normal life settings. The effect of keeping a food diary could have introduced an adverse effect on normal life of these subjects compared with only frequent visits to the study nurse, and was considered inappropriate.
As the present study was an early proof-of-concept one, we aimed to include subjects with the highest probability of showing an effect, and thus we included subjects with as high lipid levels as possible. However, the subjects were not so hypercholesterolaemic that intervention with a statin or another licensed lipid-lowering drug would be mandatory according to public guidelines at the time of planning the study. The meta-analysis by Anderson et al. (1995) showed that sex does not affect the response to soya protein, but whether isoflavones could have lesser effects in women with premenopausal oestrogen levels was not addressed in their paper. Consequently, we chose not to include this patient group in the present study.
The placebo was a standard low-fat yoghurt available on the consumer market. Cherry jam was added to this yoghurt in order to make it similar to the soya yoghurt. The two products were not completely identical in fat content as there were manufacturing obstacles to maintain blinding in terms of appearance, smell and taste if the fat content should be kept identical. Obviously, this difference in fat content may explain some of the differences, and needs careful considerations in future studies. Whether this choice was truly a placebo is also questionable, as the placebo group also showed a mean reduction in lipids, and regression to the mean would also be one possible explanatory factor.
For the primary efficacy variable (LDL-cholesterol), there was a highly significant difference between the active soya treatment and the placebo corresponding to a mean reduction from baseline of 0·42 mmol/l (corresponding to a 7·8 % difference in reduction) for the subjects taking active soya. Similar results, demonstrating a consistent beneficial effect, were also seen for total cholesterol and non-HDL-cholesterol, as well as for the LDL:HDL-cholesterol and total:HDL-cholesterol ratios. The present results suggest that the effect of soya protein and fibre are somewhat higher than seen in previously reported studies with the same duration of treatment (Anderson et al. 1995; Baum et al. 1998; Wong et al. 1998; Crouse et al. 1999 The rapid onset of the cholesterol-lowering effect was striking, even if this phenomenon is well known from other dietary intervention studies. About half of the effect after 8 weeks was seen already after the first week of intervention. These early lipid changes could be due to weight loss, but upon inspection we were not able to explain our findings by the weight data. This rapid onset of effect may prove beneficial to patients who need motivation in the early phases of treatment, and in particular for those patients who are not able to comply with lifestyle modification programmes.
In recent years, homocysteine has been introduced as a potential risk factor for atherosclerosis (Boushey et al. 1995; Gerhard & Duell, 1999; Wald et al. 2002) . A previous study with Abacor w in a ready-to-mix beverage form (Tonstad et al. 2002) had demonstrated favourable effects with a daily dose of 30 -50 g soya protein, but the present results were not able to confirm this effect in the yoghurt formulation.
It has been shown that related products based on soya are efficient in reducing weight and maintaining the weight loss over time Ryttig et al. 1997) . One could also have expected some weightreduction benefit from participating in the present study as the subjects were asked to follow a standardised healthy diet scheme. We expected that subjects who are followed carefully with bi-weekly weight measurements in a medical clinic by health professionals would be likely to adhere truthfully to the dietary programme and in general lose weight because of greater focus on and awareness of a healthy lifestyle. The present results did not demonstrate any significant weight reduction even if a slight tendency in the male groups was noted, but 8 weeks may be too short to see any effects.
The yoghurt formulation used in the present study was not well tolerated. Microbiological (mould) contamination in some of the soya yoghurt cups from one shipment partly explained the dropout problems in the active soya group. However, even when correcting for this, the number of dropouts and complaints due to gastrointestinal symptoms were higher in the active soya group. The high intake of fibre may partly explain the gastrointestinal symptoms reported by some subjects. The usability of this prototype product is also limited in practice because of the relatively large volume of yoghurt, almost 300 ml twice daily. Whether the difference in yoghurt composition (energy or fatty acids or fermenting organism) influenced the results should be studied in later product development and clinical investigations. A lower dose taken for a longer term might be as or even more efficient but this remains to be confirmed in further dose -response investigations. Except for the gastrointestinal symptoms, both study groups showed a similar tolerability profile and the study did not indicate any particular safety concerns. However, the present study was not designed to address the safety issue specifically, and larger therapeutic use studies or post-marketing surveillance must be undertaken in order to shed more light on this aspect.
In conclusion, the present study supports a significant lipid-lowering effect of isolated soya proteins with standardised levels of isoflavones, cotyledon soya fibres and soya phospholipids. Some product development is recommended in order to avoid the gastrointestinal symptoms, and to reduce the volume to be ingested. Dependent on evidence from confirmatory and long-term trials, this soya yoghurt might then be a first intervention step in hypercholesterolaemia in addition to general dietary changes and possibly as an add-on to statin therapy. The rapid onset of effect may prove particularly beneficial to patients who need motivation in the early phases of intervention.
